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Bay, Cuba (as indicated by 
the museum specimen). 
Furthermore, the flies have 
an extraordinarily long larval 
development (up to four  
months) [6,8]. 
The conquest of land crabs in 
these flies is a striking case of 
parallel evolution. That this odd 
choice of habitat has evolved at 
all is extraordinary. Land crabs 
are quite peculiar themselves 
and that these organisms, 
with their own precarious 
existence on land, would 
provide a suitable home for 
any other animal is surprising. 
That this bizarre lifestyle has 
evolved three times, in three 
separate lineages and in three 
disconnected localities is truly 
remarkable. The evolutionary 
history and biology of these flies 
is, however, still far from fully 
understood. Apart from being 
mentioned in a few textbooks as 
evolutionary oddities, the flies 
have been altogether neglected 
in active research for the past 
~40 years. New work, applying 
contemporary techniques, 
is needed to elucidate the 
physiological and behavioural 
adaptations allowing for this 
remarkable choice of breeding 
substrate.
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Russell G. Foster and  
Mark W. Hankins
Until the late 1990s it seemed 
inconceivable to most vision 
biologists that there could 
be an unrecognised class of 
photoreceptor within the vertebrate 
eye. After all, the eye was the best 
understood part of the central 
nervous system. One hundred 
and fifty years of research had 
explained how we see: photons 
are detected by the rods and 
cones and their graded potentials 
are assembled into an ‘image’ by 
inner retinal neurons, followed by 
advanced visual processing in the 
brain. The eye and the brain are 
connected via the retinal ganglion 
cells (RGCs), the topographically 
mapped axons of which form 
Primer the optic nerve (Figure 1). This representation of the eye left no 
room for an additional class of 
ocular photoreceptor. However, 
two parallel lines of investigation, 
one in fish and the other rodents, 
overturned this conventional view 
of retinal organisation. We now 
know that the rods and cones are 
not the only photosensory neurons 
of the vertebrate eye.
The rod and cone 
photopigments utilize an 
opsin protein bound with a 
vitamin- A- based light-absorbing 
molecule (chromophore) called 
11-cis-retinaldehyde. The first 
stage of light detection involves 
the absorption of a photon 
by 11-cis-retinaldehyde and 
the photoisomerization of this 
molecule to the all-trans state 
(Figure 2). The conformation 
change of the chromophore 
allows the opsin to interact 
with a G-protein and trigger the 
phototransduction cascade, 
ultimately giving rise to a G
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Figure 1. Light detection in the vertebrate retina. 
The rods (R) and cones (C) convey visual information to the ganglion cells (G) via the 
second order bipolar cells (B). At the outerplexiform layer (OPL), horizontal cells (H) 
facilitate lateral connectivity and feedback to the photoreceptors. At the inner plexiform 
layer (IPL) amacrine cells (A) allow lateral connections between bipolar and ganglion 
cells. The optic nerve is formed from the axons of all the ganglion cells. A subset of 
ganglion cells (pRGC) also detect light directly; for this, they require the photopigment 
melanopsin. Light, via melanopsin, activates a G-protein cascade in the cells that de-
polarizes the cell membrane. These cells also receive synpatic input in the IPL from 
bipolar cells and amacrine cells. Thus photodetection in the retina occurs both in the 
outer and inner retina. Counter-intuitively, light passes through the transparent ganglion 
layer to reach the rods and cones.
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membrane potential. The rod 
and cone opsins of teleost fish 
have been particularly well 
characterised, so the isolation 
of yet another ocular opsin gene 
came as something of a surprise. 
In 1998 this new opsin family, 
termed ‘vertebrate ancient’ (VA) 
opsin, was shown to form a 
functional photopigment and to be 
expressed within the retina, in a 
small number of retinal horizontal 
cells and ganglion cells, but not 
in the rods and cones [1]. The 
demonstration that retinal neurons, 
other than the rods and cones, 
act as photoreceptors raised 
many questions as to their role 
and provided timely support for a 
growing body of behavioural data 
suggesting that the mammalian 
retina might also contain a 
non- rod, non-cone photoreceptor. 
Mammals, like most 
organisms, possess a biological 
representation of the 24 hour 
day. This circadian system — the 
body clock — acts predicatively 
to ‘fine-tune’ physiology and 
behaviour to the varying ecological 
demands of the day–night cycle. 
Such a temporal programme 
is useful only if biological time 
remains synchronised to solar 
time, and the systematic daily 
change in the gross amount of 
light (irradiance) at dawn or dusk 
seems to provide the most robust 
indicator of the time of day. Most 
organisms have therefore evolved 
to use the twilight transition 
as the main zeitgeber (time 
giver) to adjust circadian time 
to local time, a process termed 
photoentrainment. In mammals 
the ‘master clock’ is located 
within small paired nuclei of the 
anterior hypothalamus called the 
suprachiasmatic nuclei (SCN) and 
receives a direct retinal projection 
via the retinohypothalamic tract. 
Eye loss in mammals blocks 
photoentrainment. Thus the 
mammalian eyes perform two 
quite different sensory tasks. Their 
familiar function is to collect and 
process light to generate an image 
of the world, whilst their second, 
and less well recognised, role is to 
provide measures of environmental 
irradiance at dawn and dusk to 
facilitate photoentrainment. Such 
divergent responses to light were VII
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Figure 2. The conserved structure of animal photopigments. 
(A) All animal photopigments consist of an opsin protein with multiple trans-membrane 
domains (I–VII) coupled to a chromophore derived from an 11-cis form of vitamin A reti-
naldehyde (R). (B) The absorption of a photon by 11-cis-retinaldehyde causes its pho-
toisomerization to all-trans retinaldehyde. The conversion of 11-cis to all-trans causes a 
conformational change in the opsin which initiates the phototransduction cascade. Like 
other opsins melanopsin (OPN4) is a conventional G-protein coupled receptor that is 
expressed on the cell surface. Melanopsin binds 11-cis-retinaldehyde and in response 
to light of an appropriate wavelength (λmax ~480 nm), 11-cis-retinaldehyde absorbs 
a photon and is photoisomerized to all-trans-retinaldehyde. This changes the opsin’s 
conformation, initiating a phototransduction cascade that includes Ca2+ changes in 
photosensitve retinal ganglion cells. Like those opsins in the invertebrates, melanopsin 
also appears to exhibit bistable characteristics, forming a stable association with all-
trans-retinal which is regenerated to the 11-cis-form using long-wavelength light. difficult to reconcile within the 
known physiology of the rods and 
cones. 
In the early 1990s mutant mice 
with undetectable visual responses 
were studied to determine the 
impact of rod/cone loss on 
photoentrainment. These retinal 
degeneration (rd/rd) mice lack all 
rods and most cones, but are able 
to regulate their circadian rhythms 
with the same sensitivity as fully 
sighted animals [2]. These, and a 
host of subsequent experiments, 
including studies in humans 
with genetic defects of the eye, 
showed that the processing of light 
information by the circadian and 
classical visual systems must be 
different and raised the possibility 
that the eye might contain an 
additional non-rod, non-cone 
photoreceptor. These data were far from conclusive, however, because 
there remained the possibility that 
only small numbers of rods and/or 
cones are necessary for normal 
photoentrainment. Because of this, 
a mutant mouse was engineered 
(rd/rd cl) in which all rods and 
cones were ablated. Remarkably, 
the loss of all types of known 
photoreceptor had little effect on 
photoentrainment, although loss 
of the eyes abolished this capacity 
completely [3]. Thus mammals, 
like teleost fish, had to possess 
another ocular photoreceptor. It 
also became apparent that these 
photoreceptors do far more than 
regulate the circadian system. 
In mammals, light-induced 
pupil constriction is regulated 
by the rods and cones. Yet 
multiple studies had shown 
that pupil constriction still 
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to these photoreceptors. Not 
unreasonably, it was assumed 
that the residual light-induced 
pupil constriction was due to 
the survival of a few intact rod 
and/or cone photoreceptors. The 
rd/rd cl mouse allowed an explicit 
test of this assumption. Pupil 
measurements were undertaken 
in rd/rd cl mice and showed 
that these animals are fully able 
to constrict their pupils [4]. It is 
important to stress that, unlike 
circadian responses to light, there 
is a very clear impact of rod and 
cone photoreceptor loss on the 
sensitivity of pupil constriction. 
It appears that the rods and 
cones mediate constriction under 
relatively dim and transitory 
responses to light, whilst the novel 
receptors drive constriction under 
bright sustained light conditions. 
The differential roles of the novel 
and classical photoreceptors 
are considered in further detail 
below. By 2001 it was clear that 
novel photoreceptors exist within 
the eye and that they regulate a 
variety of different responses to 
environmental brightness. Their 
cellular identity, however, remained 
unclear. RGCs had been implicated 
as these photoreceptors but 
the final proof came from two 
independent approaches, one in 
rats the other rd/rd cl mice. Both 
showed that the retina contains 
a small number of photosensitive 
RGCs (pRGCs). 
In rats, a subpopulation of retinal 
ganglion cells was labelled by 
retrograde dye injected into the 
SCN. The retina was removed and 
the electrical activity of individually 
labelled RGCs monitored by 
intracellular recording. These 
cells were found to respond to 
bright light. This in itself was 
no surprise, because the rods 
and cones were present in the 
retina. However, light-evoked 
depolarisations persisted in the 
presence of a cocktail of drugs 
considered sufficient to block all 
retinal inter-cellular communication 
and even persisted in RGCs that 
were micro-dissected from the 
surrounding retinal tissue [5]. 
The second approach exploited 
the rd/rd cl mouse retina in 
combination with calcium (Ca2+) 
imaging. This technique is capable of detecting small changes in the 
concentration of intracellular Ca2+ 
in large numbers of individual 
living cells across the entire retina. 
The use of the rd/rd cl mouse 
meant that pharmacological or 
surgical isolation of ganglion 
cells from the rod and cone 
photoreceptors was unnecessary. 
This study demonstrated that 
~3% of the neurons in the RGC 
layer responded to light, but 
after blocking gap junctions, the 
number of RGCs responding 
to light dropped to ~1%. These 
results showed that there 
exists an extensive network of 
photosensitive RGCs that can be 
uncoupled by application of gap-
junctional blockers. Furthermore, 
three types of light-evoked Ca2+ 
influx were observed in these 
neurons: a sustained response; a 
transient response; and a repetitive 
response. Collectively, the studies 
in rd/rd cl mice identified a 
heterogeneous coupled syncytium 
of pRGCs [6].
The photopigment of the pRGCs 
was defined in the first instance 
by action spectroscopy. This 
powerful approach rests upon 
the fact that a photopigment 
has a characteristic absorbance 
spectrum or profile, which 
describes the likelihood of photons 
being absorbed at different 
wavelengths. Thus, a description 
of the spectral sensitivity profile 
(the action spectrum) of any light-
dependent response will describe 
the absorbance spectrum of the 
photopigment upon which the 
response is based. All vitamin 
A-based photopigments have 
a characteristic absorption 
spectrum. This means that 
although the peak sensitivity of 
the pigment may vary widely 
across the visible spectrum (from 
ultraviolet at 360 nm to deep red at 
750 nm), all these pigments have 
the same basic shape — rather 
like a bell-shaped curve. The first 
full action spectrum to define 
the nature of the photopigment 
of the pRGCs studied pupil 
constriction in rd/rd cl mice. The 
results described a previously 
uncharacterised, opsin/vitamin 
A-based photopigment with peak 
sensitivity in the ‘blue’ region of 
the spectrum near 480 nm (opsin 
photopigment/OP479) [4]. Since 2001, a plethora of 
action spectra from mice to 
man have been deduced for a 
range of irradiance responses 
to light. These include the light 
responses of pRGCs in mice [7], 
rats [5] and primates [8] spanning 
pupil constriction, phase shifting 
circadian rhythms and plasma 
melatonin suppression, together 
with irradiance-dependent 
regulation of human retinal cone 
function [9]. All these action spectra 
point to the existence of a coherent 
single novel opsin photopigment 
with a λmax of around 480 nm. A 
single invariant spectral sensitivity 
for the pRGCs is in marked 
contrast to the cone pigments 
which are highly divergent and 
appear spectrally tuned in a 
species specific manner. It remains 
unclear what ecological advantage 
this wavelength might confer 
on such diverse species. One 
possibility is that the pRGCs are 
tuned to the dominant wavelength 
of light at twilight. When the sun 
is close to the horizon there is 
relative enrichment of ‘blue’ light 
in the dome of the sky because 
of the preferential scattering of 
short wavelengths of light passing 
obliquely through the atmosphere. 
Although the photopigment 
of the pRGCs had been defined 
in a variety of mammals using 
action spectroscopy, the opsin 
gene remained unknown. It was 
first assumed that there would 
be a mammalian ortholog of 
teleost VA-opsin, but no such 
orthologues have been found. 
Instead, another newly discovered 
opsin family, the melanopsins, 
soon emerged as the strongest 
candidate. The melanopsin gene 
family, also designated Opn4, 
was first identified in Xenopus 
photosensitive pigment cells 
known as melanophores (hence 
the name melanopsin), and then 
orthologues were isolated from 
other vertebrate classes including 
zebrafish and several mammalian 
species, including humans 
and mice [10]. Melanopsin was 
immediately implicated as the 
photopigment, as it is expressed 
in pRGCs and ablation of the 
melanopsin gene abolishes the 
pRGC responses to light [5,6]. 
Furthermore, mice in which rods, 
cones and melanopsin have all 
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or pupil responses to light, 
arguing that these three classes of 
photoreceptor can fully account 
for all light detection within the eye 
[7]. Although highly suggestive, the 
melanopsin knock- out data could 
not demonstrate that melanopsin 
was the photopigment of the 
pRGCs. 
Gene ablation alone can 
only indicate that a gene is 
important, biochemistry on 
the protein product is usually 
required to define its function. 
For example, melanopsin ablation 
could not formally preclude an 
accessory function such as a 
local photoisomerase-generating 
chromophore for an unidentified 
pigment. This critical question was 
finally addressed by three different 
groups using heterologous 
expression of either human or 
murine melanopsin in Neuro2A 
cells [11], HEK293 cells [12] and 
Xenopus oocytes [13]. In each 
expression system, melanopsin 
expression was fully sufficient 
to drive a retinal dependent 
light cascade. For example, in 
neuroblastoma Neuro2A cells the 
expression of melanopsin, in the 
presence of retinal chromophore 
(11-cis-retinal), transformed 
a non-photosensitive neuron 
into a photoreceptor (Figure 3). 
Furthermore, melanopsin acts as a 
bistable pigment able to regenerate 
(recycle) its chromophore (11- cis-
retinal) utilizing all-trans-retinal 
and long-wavelength light in 
a manner reminiscent of the 
invertebrate photopigments [11]. 
In this regard melanopsin may 
be unique amongst mammalian 
photopigments in forming a stable 
association with all-trans-retinal 
(Figure 2). Although all three 
expression studies showed broadly 
the same result, inconsistencies 
relating to the spectral sensitivity 
of expressed human and mouse 
melanopsins emerged. The 
spectral maxima of the pigments 
varied between 440 nm (human) 
and 480 nm (mouse). The reason 
for this discrepancy still remains 
unclear but presumably relates to 
varied experimental procedures, 
including the host cell environment 
and chromophore availability. 
Invertebrate phototransduction 
has been characterised most Figure 3. Properties of the melanopsin receptor: heterologous expression of melanop-
sin engenders light responsiveness. 
Initial experiments of the heterologous expression of human-Opn4 used transient ex-
pression in Neuro2A cells. Transfection was assessed with a GFP marker (A); melan-
opsin expression was localised to the cell surface (B), confiming targeting of OPN4 
to the plasma membrane (merge, C). The expression of Opn4 was associated with an 
intensity dependent inward current in response to 460 nm light [11].extensively in Drosophila and 
involves activation of a Gq/G11-
type G-protein, activation of 
phospholipase C (PLC), gating of 
transient receptor potential (TRP) 
channels and the depolarization 
of membrane potential. By 
contrast the mechanisms of 
phototransduction utilised by 
the rod and cone opsins is quite 
different, involving the activation 
of transducin (Gi/Go class), 
phosphodiesterase, adenylyl 
cyclase and closure of cyclic-
nucleotide-gated channels and 
a hyperpolarizing membrane 
potential. The melanopsins 
appear to share some of the key 
characteristics of an invertebrate-
like signal transduction pathway. 
Both pRGCs and cells transfected 
with melanopsin show depolarising 
responses to light and as 
discussed above, melanopsin 
displays chromophore bistablity, 
another feature of the invertebrate 
photopigments. Largely by 
analogy, it was first proposed that 
melanopsin could be coupled to G-
protein of the Gq/G11 class. Whilst 
not conclusive, there is support 
for this from the heterologous 
expression studies. For example, melanopsin responses are greatly 
attenuated (although not blocked) 
by antibodies against Gq/G11 
G-proteins (but not by antibodies 
to Gi/G0) [13]. In Neuro2A cells, 
the use of Gi/G0 blockers fails 
to inhibit melanopsin-dependent 
light responses [11], whilst 
Gq/G11 agonists fully blocked 
the melanopsin-dependent light 
responses in HEK293-TRPC3 
cells [12]. 
Collectively these initial 
results suggest that the Gq/G11 
G- proteins could be activated 
by melanopsin- dependent 
phototransduction. It is important 
to stress, however, that the 
coupling potential in non-native 
host environments might not reflect 
what happens in native pRGCs. 
Downstream of the G-protein, 
melanopsin-dependent light 
responses are greatly attenuated 
or blocked in Xenopus oocytes 
and HEK293-TRPC3 cells by PLC 
inhibitors [12,13]. Furthermore, 
co-expression of melanopsin 
with TRPC3 in Xenopus oocytes 
(similar to the Drosophila TRP 
channels) shows that TRPC3 
channels can generate a 
light- activated photocurrent in the 
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 presence of melanopsin [12,13]. 
Collectively, a partial model of 
the phototransduction cascade 
has emerged. Taken together 
these schemes suggest that light 
activated melanopsin may interact 
with Gq/G11 which in-turn activates
a PLC-β. PLC-β generates IP3 
and DAG, which may ultimately 
modulate a TRPC channel, possibly
via a protein kinase C (PKC). Most 
recently, combined pharmacolgical 
and anatomical approaches 
suggest the native pRGC cascade 
appears to gate a TRPC7 channel 
in the plasma membrane [14]. In 
addition, a recent microarray- based
approach has been used to 
investigate the transcriptional 
realignment that occurs in the 
rd/rd cl mouse eye following a light 
pulse. This approach has identified 
a number of candidate genes/
proteins that might be associated 
with the melanopsin cascade. 
Amongst these is the atypical 
protein kinase C zeta (Prkcz). 
Remarkably, the genetic ablation 
of Prkcz mimics precisely the 
melanopsin knock-out phenotype 
in a battery of behavioural and 
pupillometric tests [15].
In contrast to the high 
photopigment densities seen 
in the membrane stacks of 
invertebrate rhabdomeres 
and vertebrate rod and cone 
photoreceptors, melanopsin 
appears to be expressed at 
relatively low levels in the plasma 
membrane of the pRGCs. As a 
result, the pRGCs will have a 
very low quantal efficiency. A 
remarkable feature of melanopsin 
pRGCs, however, is their ability to 
integrate irradiance information 
over many minutes [16]. So 
although the statistical chance 
of a photon being absorbed by 
melanopsin will be low, this will 
be in part compensated by a 
very long signal integration time. 
Where precisely this capability 
is located within the melanopsin 
signalling cascade remains entirely
unknown and is the subject of 
much current interest. Another 
notable feature of melanopsin is 
that it is over expressed relatively 
early in development. Whereas 
approximately 1% of ganglion 
cells express melanopsin in adult 
mice, more than 10% of RGCs 
are photosensitive and express melanopsin at P0 (day of birth), 
at a stage in development when 
it had been widely assumed that 
the retina was devoid of all light 
dependent signalling. Furthermore, 
these cells project to central 
targets and encode irradiance 
within the developing SCN [16]. 
The functional implication of this 
capability again remains unclear as 
a considerable body of evidence 
suggests that the circadian 
rhythms of mouse pups are 
entrained by a maternal melatonin 
signal and not light. Another 
possibility is that the pRGCs 
influence the development of the 
visual system and on-going studies 
on melanopsin knock-out mice are 
exploring this possibility.
It is now clear that the 
retina contains a population of 
melanopsin-based photosensitive 
retinal ganglion cells that are 
used to measure environmental 
irradiance and modulate diverse 
physiological responses to light, 
including circadian physiology 
and pupil constriction. The 
initial assumption was that 
there would be little functional 
overlap between pRGCs and 
the rods/cones. Yet, we now 
know that there is complex 
cross-talk between these image 
and non-image forming ocular 
photoreceptors. This is obvious in 
the case of the pupil light reflex, 
where the loss of the rods and 
cones leads to a marked decrease 
in the sensitivity of the response. 
In the case of the circadian 
system, however, the role of the 
rods and cones is far less clear. 
The loss of rods and cones in 
rd/rd cl mice results in only subtle 
effects on circadian entrainment 
and, as one might predict, the 
loss of rods, cones and pRGCs 
abolishes all light responses [7]. 
However, the loss of melanopsin 
in the pRGCs alone does not 
abolish circadian photosensitivity 
but rather attenuates circadian 
responses to light. It seems that 
under these circumstances the 
rods and/or cones can partially 
compensate for pRGC loss of 
function. Additional evidence for 
rod, cone and pRGC interaction 
come from recent studies on the 
macaque. Intracellular recordings 
from melanopsin pRGCs have 
shown that the short-wavelength (S) cones (λmax ~435 nm) 
attenuate the light responses of 
pRGCs, whilst the inputs from 
the rods, medium (M) (λmax ~530 
nm) and long (L) (λmax ~560 
nm) wavelength cones provide 
an excitatory input [8]. The 
explanation for this opponent 
interaction remains unclear, but 
it may relate to the complex 
task of twilight detection or the 
adaptive responses of the eye to 
differing levels of environmental 
illumination. 
The past ten years have seen a 
shift from experiments designed 
to elucidate the existence of 
novel ocular photoreceptors to 
experiments directed towards 
an understanding of how the 
pRGCs function. Although much 
remains to be understood, the 
discovery of this new class 
of melanopsin-based ocular 
photoreceptor is already redefining 
our understanding of mammalian 
vision at all levels — through 
anatomy, physiology, signal 
transduction pathways and 
behaviour. This is not only a new 
and exciting area of sensory 
biology but also a field with 
important clinical implications, 
not least on the classification 
of blindness. Ophthalmologists 
now appreciate that eye loss 
plunges individuals into a world 
that lacks both vision and a 
proper sense of time, and clinical 
guidelines are being revised 
accordingly. Furthermore, it 
seems highly likely that there 
will be medical conditions where 
pRGC photoreception has been 
lost but the rods and cones are 
spared. Such individuals might be 
expected to show deficits in their 
circadian physiology and sleep/
wake timing. As a result, when 
looking for the basis of delayed or 
advanced sleep phase syndrome 
or drifting (freerunning) circadian 
rhythms, clock gene defects 
should be examined in parallel 
with defects in the melanopsin 
phototransduction pathway. 
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Rapid extraction 
of mean emotion 
and gender from 
sets of faces
Jason Haberman1,2  
and David Whitney1,2
We frequently encounter crowds 
of faces. Here we report that, 
when presented with a group 
of faces, observers quickly and 
automatically extract information 
about the mean emotion in the 
group. This occurs even when 
observers cannot report anything 
about the individual identities that 
comprise the group. The results 
reveal an efficient and powerful 
mechanism that allows the visual 
system to extract summary 
statistics from a broad range of 
visual stimuli, including faces.
The apparent effortlessness 
with which we see our world 
belies the extraordinary 
complexity of visual perception. 
The brain must reduce billions 
of bits of information on the 
retina to just a few manageable 
percepts. To this end, the visual 
system relies, not simply on 
filtering irrelevant information, 
but also on combining 
statistically related visual 
information. Texture perception, 
for example, occurs when the 
visual system groups a set 
of somewhat similar items 
to create a single percept; 
although the identities of 
many individual features may 
be lost, what is gained is a 
computationally efficient and 
elegant representation. This 
sort of statistical summary or 
ensemble coding has been found 
for low-level features such as 
orientated lines, gratings, and 
dots [1–3], and it makes intuitive 
sense. If we were not able to 
extract summary statistics from 
arrays of dots [1] or gratings [3], 
texture perception itself would 
be difficult or impossible. 
Because statistical extraction 
may serve to promote texture 
perception [4], it may operate 
only at the level of surface 
perception or mid-level vision 
[5]. We show here that this is 
not the case. We found that 
subjects were able to extract 
and precisely report the mean 
emotion in briefly presented 
groups of faces, despite being 
unable to identify any of the 
individual faces. The following 
three experiments suggest 
that, as was seen for low-level 
features, observers summarize 
sets of complex objects 
statistically while losing the 
representation of the individual 
items comprising that set.
Three individuals (one woman, 
mean age 26.33 years) affiliated 
with the University of California, 
Davis participated in three 
experiments. Informed consent 
was obtained for all volunteers, 
who were compensated for 
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